In the United States, breast cancer is the second leading cause of death among women, and even though different therapies can treat primary breast tumors, most breast cancer-related deaths (>95%) occur due to metastasis. A majority (~70%) of breast tumors are found to express estrogen receptor, and a significant portion (~90%) of ER-positive (ER + ) breast tumors are also androgen receptor-positive (AR + ). Although ER is known to promote tumorigenesis, the role and underlying mechanism(s) of AR in these closely knit processes remain controversial. Endocrine therapies are the most commonly used treatment for patients with ER + breast tumors; but, ~30%-50% of initially responsive patients develop resistance to these therapies. Whereas 70%-90% of all breast tumors are AR + and AR overexpression is correlated with endocrine resistance, but the precise molecular mechanism(s) for this association is yet to be studied. Multiple mechanisms have been proposed to show AR and ER interactions, which indicate that AR may preferentially regulate expression of a subset of ER-responsive genes and that may be responsible for breast cancer and its progression in affected patients. On the other hand, most of the ER + breast tumors found in post-menopausal women (~80%); and they have very low 17β-estradiol and high androgen levels, but how these hormonal changes make someone more prone to cancer phenotype has long been a disputed issue. In this study, we have discussed multiple molecular mechanisms that we believe are central to the understanding of the overall contributions of AR in breast cancer and its metastasis in post-menopausal women.
INTRODUCTION
In the United States, breast cancer is the second leading cause of death among women (40,610 deaths and 252,710 new cancer cases are estimated in 2017) [1] . There are different therapies (surgery, radiotherapy, chemotherapy, endocrine therapies, or combination of these therapies) available which can treat primary tumor; however, most breast cancer-related deaths occur due to distance organ metastasis (mainly lung, brain and liver). Whereas, most epidemiological studies showed inconsistent finding in a correlation between serum androgen levels and breast cancer risk; but whether this association is consistent in post-menopausal women with breast cancers (who have high androgens levels and low 17β-estradiol) is not understood [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Previous studies have implicated a possible role for AR in breast cancers [12] [13] [14] , and AR is found to be predominantly expressed in in-situ, invasive and metastatic breast cancers (~90% of primary tumors and 75% of metastases) [15] [16] [17] [18] ; however, the precise molecular mechanism(s) for AR's contribution to breast cancer is largely unknown. Hence, a www.impactjournals.com/oncotarget/ Oncotarget, 2017, Vol. 8, (No. 60), pp: 102739-102758 Review detailed understanding of the potential role of AR in breast cancer is essential to design and develop a newer class of treatment option for the patients.
A meta-analysis of 19 studies that included 7693 patients showed that 74.8% of ER + patients were concomitantly AR + while 31.8% of ER -patients were AR + [19] , which suggests that AR expression is high in ER + tumors compared to ER -tumors. In addition to this Grogg et al. showed that the expression of AR status is highly conserved during breast tumor progression and is expressed in metastasized breast tumors [20] . Although, ER found to regulate the transcription of genes that promote breast cancer cell proliferation, invasion, and survival [12] , the role of AR in these processes is not known. Previous studies showed that AR reportedly decreased ER transcriptional activity [14] , probably by competing for some of the same ER binding sites [21] . However, a recent ChIP-seq study demonstrated that treatment of MCF-7 breast cancer cells with the AR antagonists enzalutamide or MJC13 (which directly binds to the ligand-binding domain of AR with higher affinity than dihydrotestosterone) decreased the number of ER genomic binding sites by almost 50%, implicating a role for AR in ER genomic binding in response to 17β-estradiol (E 2 ) [21] . This study also found that 75% of E 2 -induced AR-binding sites overlapped with ER-binding sites and surprisingly, when MCF-7 cells (breast cancer cell line) were treated with enzalutamide or MJC13, the genomic binding of ER was only inhibited at those overlapping sites [21] , which implies that AR may facilitate ER binding at those loci. In addition to this, some ChIP-seq studies found that AR and ER interactions occur via a long-range enhancer and promoter chromatin interaction [22, 23] . These findings indicate that AR may preferentially regulate expression of a subset of ER-responsive genes based on the ERE sequences and that may induce metastasis.
The endocrine therapy is the most commonly used treatment for patients with ER + breast tumors, which either blocks the E 2 binding (tamoxifen) or stops the E 2 production (aromatase inhibitors) [24, 25] . However, ~30-50% of initially responsive patients develop resistance to these endocrine treatments [26, 27] , but the precise molecular mechanism of this process is currently unknown [28] . A study by Amicis et al. showed that AR overexpression induces tamoxifen (Tam) resistance in MCF-7 breast cancer cells [29] , which suggests that AR may play a role in this process. On the other hand, most of the ER + breast cancer found in post-menopausal women and these patients have very less E 2 levels and high dihydrotestosterone (DHT) levels under treatment of aromatase inhibitors (AIs) [30, 31] . E 2 can also be produced via peripheral conversion of androgens to E 2 by CYP19 aromatase [32] . Although AIs like letrozole, exemestane, and anastrozole have been used for the treatment of these patients, the concentrations of androgens are not altered that much in patients [33] [34] [35] .
Even though previous reports suggested that androgens levels play a significant role in resistance to this therapy (AIs) [36] ; again the precise molecular mechanism(s) are yet to be investigated.
A recent study showed that the AR antagonist enzalutamide, which directly binds the ligand binding domain of AR with higher affinity than dihydrotestosterone (DHT), inhibited PT12 patient-derived xenograft (PDX) tumor growth. Enzalutamide also reduced the number of 'metastatic' tumors when injected intra-cardially in female NOD-SCID-IL2Rgc -/-mice strain [21] . ER + breast cancer cell lines that grow as xenograft require exogenous E 2 supplements [37] whereas, post-menopausal breast cancer patients have very low E 2 in their blood (<18pg/mL) [38] . PDX tumors are more accurate, but they are very hard to establish from ER + tumors [39] because the engraftment rate is very less (2.5%) [39] . Although these in vivo studies suggested that AR has a role in breast cancer metastasis, most of the current in vivo breast cancer model systems are not clinically relevant and have many limitations which hinder our understanding of the role of AR in breast cancer metastasis. A preclinical study also showed that the ratio of AR and ER is also an independent predictor of disease-free survival (HR = 4.04, 95% CI: 1.68, 9.69; p = 0.002) and disease-specific survival (HR = 2.75, 95% CI: 1.11, 6.86; p = 0.03) [40] . Anti-androgen drugs have been known for the treatment of triple-negative breast tumors, but there are very fewer data available on ER + tumors. Thus, the range of molecular mechanisms of how AR involves in the regulation of ER transcriptome and what role AR plays in metastasis in ER + tumors is completely unknown. In this review, we have highlighted multiple mechanisms on how AR is involved in breast cancer progression and its metastasis in ER + breast tumors in post-menopausal women. We also emphasize the importance of prognostic implications of AR in breast cancers, potential therapeutic molecules, putative challenges, and related methodologies that deal with post-menopausal AR induced breast cancers. Furthermore, this understanding could also help in identifying novel biomarkers for the detection purposes.
Androgen receptor expression in different subtypes of breast tumors
Breast tumors are mainly classified into two subtypes based on cell types and molecular signatures: (1) luminal breast tumor, which expresses keratin 8/18 (a marker of luminal epithelial cells) and (2) basal breast tumor, which expresses keratin 5/6 (a marker of basal epithelial cells) [41] . However, some of the basal keratin can also be found to express in the luminal cells in the terminal duct lobular units (TDLUs) [42] . Based on gene expression profiling, breast tumors are also classified as luminal A, luminal B, human epidermal growth factor receptor 2 (HER2) and triple negative (Figure 1 ), and each of them has a different gene expression signature [43] . Luminal A (~40%) expresses ER and/or PR, but doesn't express HER2, and has low levels of a proliferative marker, Ki67 expression [43] . Whereas luminal B (~20%) shows ER and/or PR, and either HER2 positive or HER2 negative and has high levels of a proliferative marker, Ki67 expression [43] . However, HER2 breast tumors don't express ER and PR but express HER2. Breast tumors which express only ER, PR and HER2, are termed as triple-positive, while those that lack their expressions are classified as triple-negative breast cancer (TNBC) [44] . Among all tumors, the majority (~70%) of them express ER [45] and that a significant portion of metastatic tumors also retain their ER status when the primary tumor is ER + [46, 47] . AR expression is lower in ERα -breast tumors and higher in ERα + breast tumors [12, 19] .
Classical and non-classical pathway of AR in breast tumors
AR is a type I nuclear receptor which is present in the cytoplasm where it is sequestered by heat shock proteins (HSP-70 and HSP-90) in an inactive state, but when ligands such as androgens bind to its ligand binding domain (LBD) it undergoes a conformational change and is released from the HSPs [48] . Then due to the presence of an intrinsic nuclear localization signal (NLS), AR can translocate to the nucleus where it can bind to specific DNA motifs, and therein it recruits co-activators to regulate transcription of androgen-responsive genes as shown in Figure 2 [48] . In the presence of antagonists, it either recruits co-repressors or prevents co-activators recruitment to AR and represses the transcription of androgen-responsive genes [48] . Testosterone by itself can act as a ligand for AR, or it can also be converted to more potent from DHT via 5α reductase [48] . Testosterone can also get converted to E 2 by the CYP19 aromatase as shown in Figure 2 [49] . Most of the previous in vitro studies on breast cancers have employed DHT (a non-aromatizable form of testosterone) or R1881 (a non-aromatizable synthetic analogue of testosterone) as an agonist for AR, but under normal physiological conditions body has other different androgens like dehydroepiandrosterone (DHEA), androstenedione, androstenediol (A5), androsterone, and DHT; and their binding capacities may different (Table 1) . A study by Zava et al. showed that 10 nM concentration of DHT could not induce MCF-7 cell proliferation, whereas they found that 1μM concentration did induce proliferation [50] . Whereas, Bhattacharyya et al. showed that anti-estrogen fulvestrant could effectively suppress AR expression in several human prostate cancer cells (LNCaP, LAPC-4 LN95, and LN97 cells) [51] .
AR can also be activated by non-genomic signaling pathways such as PI3kinase, Akt, and m-TOR [52] (Figure  2 ). Except these, a study showed that AR could also be regulated by ERK-signaling pathway [53, 54] . Targeting this pathway has been demonstrated to impair androgenstimulated tumor cell growth, suggesting that targeting this signaling pathway could be a potential therapeutic approach to treat ER-/HER2+ breast cancers [55] . Another study showed bicalutamide; an AR antagonist can block the growth of MDA-MB-453 human breast cancer cells by blocking HER2/HER3 signaling and downstream effectors PI3K/AKT [56] . AR can also found to regulate gene expression through mitogen-activated protein kinase (MAPK) signaling pathway in ERα/PR-negative MCF-10A cells [57] . Some studies also reported that AR induces cell proliferation, migration, and apoptosis in prostate and breast cancer through PTEN cellsignaling pathway [58] . In addition to this, a similar study by this group also showed that AKT and PTEN negatively regulate each other via the transcription factor GATA2 [59] . However, more extensive studies need to be done to target specific pathways which could help to treat post-menopausal women with breast cancer.
The role of AR in the resistance to endocrine therapies
The endocrine therapyis the most commonly used treatment for patients with ER + breast tumors, which either blocks the E 2 binding (tamoxifen) or stops the E 2 production (AIs) [24, 25] . However, ~30-50% of initially responsive patients develop resistance to these endocrine treatments [26, 27] , but precise molecular mechanisms of this process are currently unknown [28] . Previous studies showed that ER + tumors which respond to neoadjuvant endocrine therapy has less AR mRNA levels, and tumors which don't respond to this treatment have shown a low level of AR mRNA levels [60, 61] . Similarly, another study demonstrated that resistance to hormones while the bottom panel depicts how testosterone diffuses through the plasma membrane and interacts with AR that is sequestered in the cytoplasm by the heat shock proteins (HSPs). Subsequently, AR undergoes a conformational change and is released from HSPs and then translocate to the nucleus due to its intrinsic nuclear localization domain. In the nucleus, AR binds to specific DNA motifs (AREs) wherein it recruits co-activators (not shown) to regulate the gene transcription activities. 
Non-steroidal antiandrogens: Enzalutamide
It showed improvement in overall survival in metastatic castrationresistant prostate cancer post chemotherapy with docetaxel as a first line treatment before initiation of chemotherapy.
Ramadan, Kabbara et al. 2015 [6] Tam correlates with AR overexpression in both in vivo and in vitro experiment [29] . Since a majority (~70%) of breast tumors found to express ER and a significant portion (~90%) of ERα + breast tumors are AR + [62] [63] [64] [65] [66] , but it's still unknown whether AR plays any role in this process. A majority of ER + tumors eventually develop into a more aggressive phenotype and in an E 2 independent phenotype without undergoing an alteration of ER status [67] . Whereas, most of the ER + breast tumors are found in post-menopausal women (~80%), and the normal range of DHT and E 2 in postmenopausal women is 30-62pM/L and 55-220 pM/L, respectively, but at the same time DHT is increased, and E 2 is decreased in ERα + breast cancer patients on the AIs anastrozole [30, 31] . Additionally, androgens are found to associate with poor prognosis via inducing EGFR (epidermal growth factor receptor) signaling. In genomic pathway, ER is activated by E 2 , however as previously described androgen can also be converted to E 2 by aromatase enzyme (CYP19) [33] , which makes this interplay between these two hormones even more complicated. Most of the previous studies that have been done so far regarding the role of AR in metastasis of ER + tumors used exogenous E 2 and DHT stimuli [68] . So, it's very important to determine whether AR promotes metastasis of ER + breast cancer cells in the absence of E 2 as a model of postmenopausal women with breast cancer (80% of ER + breast tumors patients) treated with an aromatase inhibitor (AIs) [38] or in the presence of both E 2 and DHT (where ER is fully active). An ER ChIP-seq study found that ERα-binding to chromatin still occurred in ERα + Tam-resistant MCF-7 (MCF7-TamR) cells, implying that TamR was not due to loss of ER binding to DNA [69] . Moreover, genomic binding of ER was found to increase in metastatic tumors compared to primary tumors [69] . An enriched motif analysis showed that ER binding sites in EREs were increased in Tam-R MCF-7 cells and those were the same motifs observed in the ERα + metastatic tumors (collected from breast cancer patients) [69] . As Enzalutamide reduced the E 2-induced proliferation of MCF7-TamR cells and decreased the growth of MCF7-TamR cells in soft agar [21] , suggesting that there is a good opportunity to use AR-antagonist as a therapeutic for patients who don't get a response to Tam. In future, we encourage more study to determine whether by blocking AR can prevent ER-regulated metastasis Tam-R ER + breast cancer patients through a unique molecular mechanism other than anti-estrogen therapies.
The role of AR in ER + breast tumors of postmenopausal women
Like AR, ER is a type 1 nuclear receptor, and upon its activation, through both genomic and non-genomic mechanisms, it induces transcription of estrogenresponsive genes [70] . There are two subtypes of ER, ERα and ERβ [70] . In healthy breast tissue, ERβ expression is found to be high, whereas during breast cancer ERα expression is increased [71] . In the genomic pathway, E 2 acts as ERs ligand [70] , however as previously described androgen can also be converted to E 2 [33] (Figure 2 ) and can serve as an ER ligand. In a study, Szelei et al. showed that higher levels of AR expression are correlated with less proliferation of MCF-7 cell line [72] , which suggests that AR may help in the progression of ER + tumors. Similarly, another study showed that androgens induce apoptotic activity and also down-regulate proto-oncogenes bcl-2 in MCF-7, ZR75-1 and T47-D cells [8, 73] . A ChIP study demonstrated that ERα assembled on the AR gene promoter and this was associated with elevated basal expression of AR mRNA through EGFR/MAPK pathway in Tam-R MCF-7 cells [74] . Similarly, Kumar et al. showed that co-expression of ER and AR reduced the AR transcriptional activity by increasing concentrations of ER cDNA in the presence of both of DHT and E 2 in QT6 cells [75] . AR can also bind to EREs, and down-regulate ERα transcriptional activity by competing for the same binding EREs [13] . A ChIP-seq and gene microarray analysis of the ZR-75-1 luminal breast cancer cell line proved that in the presence of higher concentration of one ligand (DHT versus estradiol) over the other could lead to either an increase or decrease in the ER/AR transcriptional activity [76] . For example, if AR binds to EREs it leads to an anti-proliferative effect rather than the proliferative effect of ERα binding to ERE and vice-versa for ERα binding to androgen response elements (AREs). Suzanne et al. showed that AR contributed to ERα transcriptional activity in ER + MCF-7 cells by overexpressing aromatase (CYP19) and AR [77] . Another study by Richer et al. demonstrated that AR inhibitor Enzalutamide inhibited DHT-driven MCF-7 cells proliferation in vitro as well as tumor growth in both ER + (MCF7) and ER-(MDA-MB-453) xenografts [40] .
AR and ER cross-talk in breast cancers of postmenopausal women
Previous studies showed that ER and AR colocalized in ER + malignant human breast epithelial cells [13] , suggesting that they may interact in the same cell. Metastasis is a multistep process and requires cell proliferation, motility, invasion, and survival of breast cancer cells [78, 79] . Although ERα has been found to regulate the transcription of genes that promote breast cancer cell proliferation, motility, invasion, and survival [12] , the role AR in these processes is controversial [13, 14, 57, 75, 80, 81] , and may depend on the hormonal milieu. Although targeting of AR has been used in prostate cancer therapy, very less information is available on the therapy against breast cancer and its prognosis. Some recent studies did show that AR can modulate the genomic signaling of ER in MCF-7 cells [82] . Another study demonstrated that co-expression of AR with ERα decreased ERα transactivation by 74% and they also showed that amino-terminal domain of AR interacts with ligand-binding domain of the ERα [14] . Previous studies reported that AR could also bind to EREs, and shown to downregulate ERα transcriptional activity by competing for binding to the same EREs sequences [21] . However, a recent ChIP-seq study of ER binding sites demonstrated that treatment of MCF-7 breast cancer cells with the AR antagonist enzalutamide decreased the number of E 2 -induced ER genomic binding sites by 50%, implicating a role for AR in ER genomic binding [21] . This study also showed that 75% of the estradiol (E 2 )-induced AR-binding sites overlapped with ER-binding sites and enzalutamide inhibited ER binding only at those overlapping sites [21] , which suggests that AR may facilitate genomic binding of ER at those particular genomic loci. AR binds to the consensus EREs in vitro and is recruited to the promoters of E 2 -regulated genes containing non-consensus EREs with DHT plus E 2 treatment in T47D cells; however, AR-ER doesn't form a heterodimer complex [13] . Hence, one of the possible mechanisms may be that AR may induce some pioneer factor to increase the accessibility ER to the proximal regulatory regions of ER-responsive genes as shown in Figure 3 . In addition to this, some ChIP-seq studies found that AR and ER interactions occur via a longrange enhancer along with promoter chromatin interaction [22, 23] . A study also showed that forkhead box (FOX) family member (FOXA1) binding in a subset of genes are the same as that of AR binding sites [83] and silencing of FoxA1 inhibits AR binding in MDA-MB-453 cells [84] , which suggests that FOXA1 may act as a pioneer factor for AR. Some studies showed that FOXA1 binding helps H3K4 mono-methylation at enhancers, suggesting that AR may induce ER genomic binding via a long-range chromatin interaction as illustrated in Figure 3 [85] [86] [87] . These studies indicate that AR may regulate genomic binding of ER through recruiting some pioneer factors like FOXA1 and regulate transcription of a subset of genes, which may induce breast cancer in post-menopausal women.
Previous studies have already been reported that ER promotes transcription of genes which cause breast cancer and its metastasis [12] , and the AR inhibitor Enzalutamide reduced ERα genomic binding by 50% [21] , but how AR regulates ER transcriptome in ER + breast cancer cells and whether it induces metastasis is not known. So it's essential to further study by a combined approach of microarray, RNA-seq, ChIP-seq, and ATAC-seq to determine which sets of genes regulated by AR in ER + breast tumors. There are many potential genes which can be directly regulated by AR as shown in Figure 4 , and which can induce breast cancer and its metastasis as listed in Table  2 (more genes can be found in MetaCore and ERGDB database). However, AR can also indirectly regulate ERresponsive genes. For example, HMG20B (transcribed from AR-responsive genes) can form a heterodimer with HMG20A, whereas HMG20A found to stabilize the ERα binding and has a role in EMT [88] . So these genes need to be checked by RNA-seq analysis between AR + and AR knockout ER + breast cancer cell line. Previously studies showed that in the presence of DHT membrane bound-AR activates AKT signaling, which subsequently activated ERα [89] . Therefore, AKT-phosphorylation status after treatment with AR ligands also needs to be checked. We also encourage further research to identify novel genes and pathways, which were not previously reported to induce breast cancer; and AR-regulated lincRNA, lncRNA and miRNAs (miRTarBase web tool) which may cause breast cancer in post-menopausal women. Androgen to estrogen dependence in breast cancers of post-menopausal women It has been known that androgenic hormones (mainly testosterone, dihydrotestosterone and androstenedione) are the major circulating sex hormones in females, which are directly or metabolized into a different form and thereby acting as AR ligands. After menopause, the E 2 level goes down to 10 folds, whereas androgens levels decrease only 1.5-fold [90] . Although these excess levels of androgens may reflect increased availability of androgenic ligands [91] , breast tissue can metabolize androgens to E 2 by enzyme CYP19 aromatase, which is one of the most potent ligands of ER [92, 93] . A study showed that when male mice treated with aromatase inhibitor, AR expression was increased compared to the control mice [94] , suggesting that post-menopausal women may express more AR than pre-menopausal women or it could be that women after menopause express more aromatase for the production of E 2 , which may lead to breast cancers [95] . Similarly, previous studies showed that post-menopausal breast cancer patients have high testosterone levels and high expression of AR, which were significantly associated with the ER + status of the tumors (OR 2.42; 95% CI, 1.22-4.82) [10, 11] . Although previous studies showed that patients with AR + breast tumors showed prolonged survival and better response to hormone treatments, as androgens levels are positively associated with breast cancer risk in post-menopausal women, suggesting that It may be the AR expression that correlates with ER expression, but more studies are needed to prove this. Molecular apocrine tumors were known to express AR but not ER, however studies showed that these tumors have an expression profile like that of ER + luminal breast tumors, and the likely mechanism could be through the AR signaling pathway [84] . Therefore, similar mechanisms may be responsible when ER + breast cancer patients become resistant to endocrine therapies.
AR as a therapeutic target for breast cancer in post-menopausal women
Breast cancer patients have been treated with targeted therapies or endocrine therapies; however, many patients 2005 [1] (Continued ) www.impactjournals.com/oncotarget MTA1 overexpression correlated significantly with higher tumor grade (grades 1 and 2 vs grade 3, P = 0.009).
Jang, Paik et al.
2006 [4] Reduced expression of the breast cancer metastasis suppressor 1 (BRMS1) mRNA is correlated with poor progress in Breast Cancer.
This in vivo experiment was performed on 161cases of invasive carcinoma of the breast and BRMS1 mRNA was assessed by Light Cycler quantitative real-time reverse transcription-PCR.
They found that higher BRMS1 expression was correlated with better prognosis and overall disease-free survival in breast cancer.
Zhang, Yamashita et al.
2006 [5] Genes differentially expressed between primary breast cancer and breast cancer brain metastasis This in vivo experiment was performed on 44 patients with brain metastasis from breast cancer and expression was measured on the NanoString nCounter Analysis System (NanoString Technologies, Seattle, WA, USA). 
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are not eligible for these treatments because their tumors lack expression of these receptors, and/or their tumors have become resistant to these therapeutic agents. In the first half of 20 th century, androgen therapy has been used for breast cancer treatment in post-menopausal women; however, this treatment has been discontinued after some studies showed that androgen could be converted to estrogen [96] . A recent clinical study showed that among 116 cases of invasive breast cancer AR was expressed in 56% of the cases and AR expression was significantly associated with early stage (p < 0.03) of breast cancer [8] . Other clinical studies also showed AR expression is higher (n = 573, 85%) among all breast cancer, however, multivariable analysis for short-term follow-up indicated higher metastasis among patients with AR+ER-tumors (HR 3.5; 95% CI 1.4-9.1) than other (AR and ER combinations).
A previous study has demonstrated that androgen therapy was slightly less effective than estrogen-based therapy [97] . However, a few clinical trials have been conducted for the AR-directed therapy in breast cancers [98] [99] [100] and information of all drugs which were used in clinical trials are described in Table 3 . Additionally, with the availability of more data regarding the presence of AR and the mechanism of its action regarding androgens in breast cancers, researchers now have opportunities to develop more efficacious and targeted therapies. On the other hand, in breast cancer patients where AR acts as an oncogenic driver, in that situation the anti-androgenic therapy would be more beneficial. Indeed, a drug called bicalutamide has been studied and is currently undergoing a phase II clinical trial (www. clinicaltrials.gov; identifier NCT00468715). Similarly, another drug known as abiraterone that blocks androgen production by inhibiting the cytochrome p-450 (CYP17) is also being studied in a clinical trial (Table 3) . Again, more extensive studies are required to identify which patients would be treated most appropriately by these therapies.
DISCUSSION
In this review, we discussed the complex AR signaling pathway in ER + breast tumor under the condition of hormonal levels of post-menopausal women. We noticed a lot of variability of results in vitro study conditions, may be due to the limitation of availability of limited AR + cell lines and their different sub-clones; use of the various androgens, their concentrations, and duration of treatments may also interfere with the findings [101] . Some labs also used cells from fresh biopsy material of early stage or metastatic in origin of breast tumors. Again co-expression of AR on different subtypes of cancers (ER, HER2 or in TNBC) are not well studied. Apart from these, various studies used different cut-off values for AR (of ≥1%, ≥5% or ≥10%) in IHC to determine AR positivity. Hence due to this lack of guidelines, it's difficult to compare the prognostic value of AR between different studies. While reviewing studies, we observed that some subtypes of ER + tumors showed that AR-agonist might be beneficial while other revealed that AR-antagonist has a positive effect on breast cancer. So, it's impotent to study further to determine which sub-types will be treated with which types of treatments. We also noticed there are inconsistency and need for the more relevant in vivo model system to study these effects. A previous in vivo study of AR function in metastasis of ER + tumors used a breast cancer cell line xenograft and PDX models [21] , which are very difficult to establish [39] and require nonphysiological hormone supplements [37] . Therefore, we encourage researchers to test the AR-mediated metastatic growth of ER + tumors in the mouse intraductal (MIND) model [38] , which shows 30-100% engraftment rates and doesn't require non-physiological hormone supplements [38] . It is also possible that expression of progesterone receptor (PR) and human epithelial growth factor receptor 2 (HER2) can interfere the findings. Hence, we also encourage to use triple-negative breast cancer cell line (which doesn't express PR, ER, and HER2) to know effect only AR in breast cancer. As androgen and estrogen are inter-convertible, we also encourage checking endogenous E 2 and DHT level in serum these mice. A previous study also showed that absence of E 2 MCF-7 cells up-regulates aromatase, which can metabolize androgens to estrogens [33] . To solve this problem, we suggest checking aromatase (CYP19) expression (western blot analysis); if it's expressed at high levels, then they can treat the MCF-7 cells with AIs along with these hormone treatments.
The role of AR in breast cancer is evolving rapidly; a recent study showed that AR has a role in breast cancer development and metastasis [102] . In this review article, we discussed most of the relevant studies which have been published regarding the pathophysiology of AR on breast cancer mainly in post-menopausal women. We also focused on the crosstalk of AR and ER in tumorigenesis and metastasis in post-menopausal women and some of the therapeutic targets along the AR pathway. This review will bring insight to a therapeutic opportunity for ER + breast cancer patients (~80% of patients) by ARantagonist that may reduce metastasis. This study will also provide evidence to determine whether AR-targeted immunohistochemistry of breast cancer samples is a useful diagnostic tool for early detection of metastasis breast cancer. It is also important to study whether by blocking AR can prevent ER-regulated metastasis TamR ER + breast cancer patients through a unique molecular mechanism other than anti-estrogen therapy.
CONCLUSIONS
In this review, we discussed the effect of AR in breast cancer in post-menopausal women and the opportunities that lie ahead towards developing potential therapeutic strategies which either can be used as monotherapy or in combination with the existing treatment options. We also suggested that further studies in the area are urgently needed to use AR as a therapeutic target for post-menopausal women with breast cancers. Once the findings become available from the ongoing clinical trials with enobosarm and enzalutamide, we will have a better understanding of the pathway(s) that make post-menopausal women vulnerable to this dreaded oncogenic phenotype, and how to treat and diagnose them more effectively. 
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